Abstract. The integrated control model based on two chassis subsystems has been widely studied and achieved a good vehicle dynamic performance; however these models haven't effectively improved the vehicle performance under some complex working conditions. In order to improve the overall vehicle performance, an integrated controller based on suspension system, steering system and brake system has been proposed. In the integrated controller the longitudinal, lateral and vertical dynamic characteristics of vehicle have been considered and the simulations for vehicle dynamic performance have been completed using Matlab/Simulink. The integrated controller includes eight input parameters, such as the yawing angular velocity, the dynamic tire load and the lateral vehicle acceleration, etc; and 6 output parameters including the control force for suspension, the additional yaw moment, etc. The simulation results show that the integrated controller effectively improves vehicle handling stability and driving safety under some complex working conditions.
Introduction
An integrated control model of two chassis subsystems has been widely studied and achieved a good vehicle dynamic performance. However, the kind of integrated control model has some problems. The generalized predictive control algorithm in the integrated model of suspension and steering system had made the actual vehicle movement tracks accurately track the ideal tracks, but the changes of vertical tire load might not be conducive to the ground adhesion required by the direct yaw-moment control (DYC) [1, 2] ; Moreover, the changes of roll characteristic in a high-speed turning also had disturbed the vehicle's turning track and handling stability [3, 4] . The brake sideslip had been shortened when the brake was operated in a vehicle turning [5] , however, the movement interference produced from the vehicle lateral, longitudinal and vertical force of chassis in a turning was inevitable. In order to resolve these problems, an integrated control model of automobile chassis with suspension system, braking system, and steering system has been built in which the coordinated control in the direction of longitudinal, lateral and vertical has been comprehensively considered.
Strategy on the Controller Based on Three-system
The integrated controller based on three-system for chassis is shown as Fig.1 . In Fig.1, δ- the steering angle of steering wheel, v 0 -initial velocity, μ-road displacement, γ-the actual yawing angular velocity, γ'-the ideal yawing angular velocity, W zy -the additional yawing moment, a y -lateral acceleration, F y -lateral control force, d i -dynamic wheel load, A z -body acceleration, V z -body velocity, U-the active force for suspensions, V x -longitudinal velocity.
The integrated controller includes three independent controllers for suspension system, steering system and brake system. Compared to the integration model based on braking system and steering system, the three-system model improves the maximum longitudinal adhesion and tire cornering characteristics and it is more suitable to control brake safety in a turning because of the adding control for suspension system. Compared to the integrated model based on suspension and braking system, the three-system model decreases vehicle sideslip and improves driving safety because of the adding control for steering system.
Controller Design
Controller for Active Suspension. The changes caused by the vertical suspension displacement and the longitudinal acceleration directly result in the imbalance force for suspension [6] , and produce the dynamic tire load 4 which make vehicle instability. Therefore the controller chooses the body velocity V z and the body acceleration A z as the input parameters, and the output is the active force for suspensions u fl , u fr , u rl , u rr as shown in Fig.2 . 
where, K p ，K i ，K d -the proportional gain coefficient, the integral gain coefficient and the differential gain coefficient; e(t) -the difference value between feedback signal and input signal.
Lastly the setting parameters of PID are K p =240；K i =135；K d =0.01. Controller for Steering System. In the steering controller the additional yawing moment w zy is used as the controlled parameter in according with the difference value between the ideal yawing angular velocity γ' and the actual yawing angular velocity γ, as shown in Fig.3 . Fig.3 Controller for steering system In Fig.3 , the ideal yawing angular velocity is the optimal value solved by the 2-DOF steering system, and the relevance vector is as the following Controller for Brake System. The braking system controller has considered the lateral force for vehicle as a braking in a vehicle turning. The vehicle's lateral acceleration a y is applied as the input parameters, and the lateral control force F y is used as the calculated data of PID, as shown in Fig.4 . The setting parameters are K p =1550, K i =256, K d =0.
Fig.4 Controller for brake system

Simulation Result Analyses
The simulations have been completed using software of Matlab/Simulink. The initial simulation velocity of vehicle is 20m/s. After simulation time reaches 1s, the step angle of 0.58rad for the steering wheel is as input. Until simulation time reaches 6s, the braking is operated.
To compare with the vehicle dynamic performance in the different models including passive, two-system and three-system, the body sideslip angle, the yawing angular velocity and the lateral acceleration have been analyzed as shown in Fig.5 . In the figures, "Ι" represents the passive system, "Π" represents the integration system based on the steering and active suspension and "Ш" represents the integrated system based on the steering, active suspension and brake system.
In Fig.5 (a) , the steady state value of the body sideslip angle respectively is about -0.07rad, -0.025rad and-0.01rad in the models of passive, two-system and three-system. The body sideslip angle in the three-system model is respectively decreased 85.7%4 and 37.5% than that in the passive model and the two-system model. The smaller body sideslip angle makes the body more quickly stable and improves the driving comfort and safety. In Fig.5 (b) , the maximal peak value of the yawing angular velocity is respectively 0.38rad/s, 0.22rad/s and 0.14rad/s in the models of passive, two-system and three-system. The body stability has been improved because of the decreased yawing angular velocity.
In Fig.5 (c) , the maximal peak value of the lateral acceleration is decreased from -2.9m/s2 to -2.5m/s2 finally to -1.1m/s2 respectively in the models of passive, two-system and three-system. The amplitude in the three-system model has been reduced by 50% than that in the passive system. The improvement of the lateral acceleration has greatly decreased the possibility of body sideslip and increased driving safety.
Summary
The simulation results based on the three-system model are best in the different chassis model of passive, two-system and three-system. The body sideslip angle, the yawing angular velocity and the lateral acceleration in the three-system model have all been decreased which has improved the vehicle handling stability and the driving safety. In future, the design for the three-system model should be considered some uncertainties in design process to improve the robustness of vehicle performance.
